A synthetic review of the historical systematics of Dermanyssus Dugès, 1834 (Acari: Mesostigmata: Dermanyssidae) is provided. The classification at the specific level in this early genus has not really been clarified during more than a century despite its economic impact, and the history of the genus is complex and includes various stages. Moreover, Dermanyssus currently includes 23 species, whereas the last review took only 18 species into account. Changes in the species status and position in the genus Dermanyssus from 1834 until today are presented. The evolution of the generic definition is explored and compared with other genera of the group. How the discrimination between the different species evolved in the genus is also examined. Some difficulties in the specific definitions are discussed. A current diagnosis of the genus Dermanyssus is given. A table of the species included in this genus since its first description along with their respective current positions, a list of the currently included species in Dermanyssus with their hosts, and a world map presenting their geographic distribution are provided. 
INTRODUCTION
T he genus Dermanyssus Dugès, 1834 (Acari: Mesostigmata: Dermanyssidae) includes hematophagous mite species which are ectoparasites of birds. Dermanyssus is the type genus of a family whose name has represented various groups all along 19 th century, with more or less internal splitting. Dermanyssidae Kolenati, 1859 included first mites with diverse habits, some of them being obligatory ectoparasites and others free-living or facultative ectoparasites. Berlese (1892) separated the former and the last group in two different families: Dermanyssidae and Laelapidae respectively. Then numerous steps occurred, Dermanyssidae status alternating from subfamily-group name to family-
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Parasite, 2007, 14, 87-100 The poultry red mite D. gallinae (De Geer, 1778 ) is very common in layer houses in Europe. The economic impact of this parasite is quite important and may take many forms, including the following: downgraded eggs, decreased egg production, anaemia, possible death from exsanguination. The poultry red mite can also transmit diseases such as avian spirocheatosis, fowl cholera, salmonellosis, etc. Despite such economic importance, the classification of this genus at species level has been in a state of confusion for many years. About 40-50 years ago, some authors began working precisely on the genus Dermanyssus. According to some of them, D. gallinae may not be the only Dermanyssus parasitising laying hens. Consequently, some other closely related species might often have been confused with this species. A rather low host-specificity and a rather wide geographic distribution of Dermanyssus species contribute to obscure the issue. Most species of this genus are not very host specific: for instance, more than 30 bird species are potential hosts for D. gallinae (Zemskaya, 1971 ) and 40 bird species (belonging to eight different orders) for D. hirundinis (Hermann, 1804) (Moss et al., 1970; Moss, 1978; Fend'a & Schniererová, 2004; Fend'a, unpublished data) . Most of the Dermanyssus species are nidicolous. Although some of them can be found frequently on the host and can deposit their eggs on its feathers (D. grochovskae Zemskaya, 1961 , D. quintus Vitzthum, 1921 and D. americanus Ewing, 1922 , most of them climb onto their host only to get a meal and then go back to their hiding-place in the host nest or roost. Moreover, many species of Dermanyssus are distributed on more than one continent (Fig. 1 ). The history of Dermanyssus is very complicated and has never been extensively examined. Moreover, this early genus currently includes 23 species, whereas the last review of the genus took only 18 species into account. For both these reasons and in order to get a clear view of the genus before reviewing it, it seemed necessary to examine it cursorily from its description until the present and to check the current species included in it. In order to get a view of the generic history, the text will be broken down as follows: changes in the species status and position in the genus Dermanyssus from 1834 until today are presented first, then the generic definition and its evolution are explored. Afterwards, the species definitions and their difficulties will be examined. Koch, 1839 Hirstionyssidae Echinonyssus D. carnifex Koch, 1839 Hirstionyssidae Echinonyssus Tenorio (1984) Hirst, 1913 Dermanyssidae Liponyssoides D. muris Hirst, 1913 Dermanyssidae Liponyssoides D. sanguineus Hirst, 1914 Dermanyssidae Liponyssoides * D. quintus Vitzthum, 1921 Dermanyssidae Dermanyssus * D. americanus Ewing, 1922 Dermanyssidae Dermanyssus D. oti Ewing, 1925 synonymy ➣ D. americanus D. evotomydis Ewing, 1933 synonymy ➣ D. gallinae * D. prognephilus Ewing, 1933 Dermanyssidae Dermanyssus D. brasiliensis Fonseca, 1935 Dermanyssidae Liponyssoides * D. brevis Ewing, 1936 Dermanyssidae Dermanyssus D. scutatus Ewing, 1936 homonymy ➣ nomen novum: D. hirsutus * D. chelidonis Oudemans, 1939 Dermanyssidae Dermanyssus This species has been described in 1889 by Berlese as D. hirundinis. Because of homonymy, Oudemans renamed it in 1939. * D. triscutatus Krantz, 1959 Dermanyssidae Dermanyssus * D. grochovskae Zemskaya, 1961 Dermanyssidae Dermanyssus * D. transvaalensis Evans & Till, 1962 Dermanyssidae Dermanyssus D. intermedius Evans & Till, 1964 Dermanyssidae Liponyssoides * D. gallinoides Dermanyssidae Dermanyssus * D. faralloni Nelson & Furman, 1967 Dermanyssidae Dermanyssus * D. hirsutus Moss & Radovsky, 1967 Dermanyssidae Dermanyssus * D. antillarum Dusbabek & Cerny, 1971 Dermanyssidae Dermanyssus * D. trochilinis Moss, 1978 Dermanyssidae Dermanyssus * D. carpathicus Zeman, 1979 Dermanyssidae Dermanyssus * D. nipponensis Uchikawa & Kitaoka, 1981 Dermanyssidae Dermanyssus * D. brevirivulus Gu & Ting, 1992 Dermanyssidae Dermanyssus * D. wutaiensis Gu & Ting, 1992 Dermanyssidae Dermanyssus 1993 * D. rwandae Fain, 1993 Dermanyssidae Dermanyssus 
EVOLUTION OF THE GENUS DEFINITION COMPARED WITH THE OTHER GENERA OF THE GROUP
T his early genus definition follows a somewhat complex evolution, and it is necessary to explore its history throughout the literature in order to understand it. Dugès (1834) described the genus Dermanyssus as follows: "Palporum articulus 5 us minimus; labium acutum; mandibulae maribus chelatae, ungue longissimo, feminis ensiformes; corpus molle; pedes antici longiore; coxae contiguae. Larvae hexapodae, adultis vix dissimiles". Such a morphological description appears today extremely general and fits most current mesostigmates. About a century later, in 1923 and in 1936, Ewing provided short surveys of this genus in North America. The first one, included in a review of North American dermanyssids, listed only two species, and the second survey, being a compact summation, included several recently described species. In 1958, Strandtmann and Wharton, in a large opus reviewing the classification of the mesostigmates parasitic on vertebrates, pointed out the serious need of revision of the genus Dermanyssus: "The genus is in need of revision. It is doubtful that all the species listed below really are specific entities" (Strandtmann & Wharton, 1958, p. 122) . From then on, three steps can be distinguished, on the whole, which lead to the current and stabilized description. Many other genera have been created, which are more or less closely related to Dermanyssus. First, two of these genera are very closely related to Dermanyssus: Allodermanyssus Ewing, 1923 and Liponyssoides Hirst, 1913 . The exploration of both these genera compared with Dermanyssus helped the definition to become more precise. Krantz (1959) and Sheals (1962) took part in the evolution of the genus definition, discussing the relationships among the three closely related genera. According to both the authors, Allodermanyssus was not valid anymore. But Krantz considered Allodermanyssus synonymous with Dermanyssus, whereas Sheals considered Allodermanyssus synonymous with Liponyssoides. This discordance induced a deeper investigation of the description of Dermanyssus. Krantz described the first Dermanyssus species having a divided dorsal shield in the adult stage: D. triscutatus (dorsal shield short, several metanotal scutella present). He also pointed out the fact that the discrimination between Allodermanyssus and Dermanyssus based on the character incomplete/complete dorsal shield in the adult stage is not correct anymore. But he neglected to consider the genus Liponyssoides. Sheals examined the three genera together. In order to explain the new synonymy he established between Allodermanyssus and Liponyssoides, he provided some arguments concerning the ontogeny (one seta less on the femur and one less on the palp genu in the adult stage in Dermanyssus). Another apparently important argument concerned the chaetotaxy of the dorsal shield and applied, according to Sheals, not only to Dermanyssinae but also to Macronyssinae (today Macronyssidae; cf. infra): he considered the presence/absence of seta j3 a character related to the host group in both taxa (present in all parasites of mammalian and absent in all parasites of birds). However, it should be noted that the more recently described species D. trochilinis is an exception to such a hypothesis: it is parasitic on birds and doesn't lack j3. Moreover, genus Ornithonyssus (Macronyssidae) lacks j3 and includes species which are parasitic on mammals (e.g. O. bacoti on rodents). In short, Sheals was wrong in this last hypothesis. Secondly, Evans & Till (1962) stabilized Dermanyssus description: they wrote the first worldwide monograph on the genus Dermanyssus. Many generic characters were based on the ontogeny and the chaetotaxy of shields and legs. Finally, Radovsky (1966 Radovsky ( , 1967 established Macronyssinae (Mesostigmata: Dermanyssidae) as the macronyssid family. This status change is very important. From then on, dermanyssids species i.e. Dermanyssus spp. and Liponyssoides spp., are to be distinguished from macronyssids in having the 2 nd segment of the chelicerae elongate and very slender (the 1 st one is elongate, and differently conformed, in Macronyssids), the chelae reduced (edentate, but each digit visible with an optic miscroscope in Macronyssids) and a deutonymphal stage which needs a blood meal in order to accomplish its moulting (deutonymphs moult without feeding, as do larvae, in macronyssids).
CURRENT DIAGNOSIS OF DERMANYSSIDAE
Dermanyssids are characterized among Dermanyssoidea by the following characters: . Adult females Gnathosoma-chelicerae: distal segment (= 2 nd ) of the female chelicerae conspicuously elongated and slender, with chelae strongly reduced (Fig. 2) ; cornicules membranous, flexible (not acute as in free-living mesostigmate species) and convergent; Podosoma-legs: coxae without spurs. . Adult males differ from adult females mainly in having more extensive sclerotization both ventrally and dorsally (holoventral shield in most cases, larger dorsal shield, including more dorsal setae than in female) and modified chelicerae (less elongated and much broader than in female, chelae with a long spermadactyl on the movable digit). The tarsi of legs III and IV bear a toothlike protuberance. Moreover, the genital orifice is conspicuous and presternally situated. 
SPECIES SPECIFIC CHARACTERS WITHIN THE GENUS
TRADITIONAL SYSTEMATICS H ere will be dealt with characters which have been used as arguments for species description, not with diagnostic characters. For all the following characters, only adult females are to be considered. Most of specific-level discriminant characters are based on chaetotaxy of the legs and dorsal shield and on the relative length of peritremes against the position from terminating over coxae IV to over coxae III-I. Few other morphological characters are used. A marked difference of the dorsal setae length is very conspicuous between central setae on dorsal shield (j4-j6 + "J" series except J5) and the other setae, which are situated all around (J5, "z-Z" series, "r-R" series, "s" series), in the seven following species: D. alaudae, D. brevis, D. brevirivulus, D. hirsutus, D. grochovskae, D. quintus, D. rwandae. In these species, the central seta length is near one-quarter the length of the peripheral ones, whereas they are all subequal in the other Dermanyssus species. A character concerning dorsal shield development is found only in five species: mesonotal scutella are present only in D. americanus, D. antillarum, D. transvaalensis, D. triscutatus and D. wutaiensis. The nature of these platelets seems to correspond to the primary dorsal plates, which don't become coalesced as they Additionally, in D. quintus, the wider than long anal plate is another species specific character. Nevertheless, apart from these characters, it should be noted that the leg and dorsal shield chaetotaxy provides most of the characters traditionally used for species discrimination in the genus Dermanyssus. The reliability of some of them seems to be doubtful. Evans & Till (1962) emphasized with several remarks many intraspecific variations, concerning the chaetotaxy: "The chaetotaxy of the venter of the opisthosoma shows considerable intraspecific variation" (p. 277). "The chaetotaxy of the various segments [of the legs] is considerably more variable, both inter-and intra-specifically, than in the free living and facultative parasitic Laelaptidae" (p. 278). Moss (1968) also noticed that characters of the leg chaetotaxy usually seemed to be the most variable.
Other than the chaetotactic characters of the legs and dorsal shield, the other traditionally most used character is the relative length of the peritreme. However the states of this character don't provide any defined limit. The extension of the peritreme varies continuously from coxa IV to coxa III to coxa IV to coxa I without a sharp gap from one species to another in the genus Moss and as this species has not been cited for a long time, it could be more appropriate to establish it as a nomen dubium instead of incertae sedis. Indeed, the systematic position within Dermanyssus does not appear to be doubtful, compared to its precise identity, which is doubtful. As for D. passerinus, the type specimens are partially opaque and some papers include it in some acarofaunal lists (Nosek & Lichard, 1962; Zemskaya, 1971; Zeman & Jurík, 1981) . So, the problem is more important with this species, which we suggest be considered species inquirenda. D. lacertarum and D. richiardii are also problematic species. D. richiardii had been collected on two different species of insect, the hymenopteran Xylocopa violaceus and the lepidopteran Cossus ligniperda (Canestrini & Fanzago, 1877), which are not common hosts for the Dermanyssus. As for D. lacertarum, it was transferred from genus Ricinus by Canestrini (1877) in the same paper, with the only following sentence: "Due specie vi sono citate come nuove, il Ricinus lacertarum, e l'Acarus penetrans; il primo sembra un Dermanyssus, il secondo è una forma larvale". From that date, we did not find any more information on these two species. Maybe they should be established as nomina dubia. In any case, given the information cited above, they can not be included in the genus Dermanyssus anymore.
CONCLUSION AND PERSPECTIVES
T he systematics of Dermanyssus is not completely clear as yet. Its history is complex. Dermanyssus seems to be well defined today, but species within the genus remain less clearly defined. Moreover,
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Parasite, 2007, 14, 87-100 not only was the last work on Dermanyssus not completely carried out, but also five new species have been described since this last review (Moss, 1978) . The reliability of numerous traditional characters needs to be re-examined. Today, 23 species are included in this genus, two of which are really doubtful. The status of D. longipes and D. passerinus is to be re-examined. D. americanus might be a junior synonym of D. passerinus. D. hominis is a synonym of likely D. gallinae. Some other early species might likely be synonymized too. The reliability of the five species described after Moss (1978) , needs to be checked and they have to be integrated in a review of the entire genus. For these reasons, it appears necessary to review the genus Dermanyssus at the specific level, which we plan to do, with the help of cladistic tools. Two major questions need to be answered. First, the correct definition of genus, even if it seems to be right using traditional tools, has to be checked by testing the monophyly of the group. Secondly, the a priori most problematic question of the species definitions within the genus should be explored, and maybe some species should be synonymized. Finally, as morphological characters seem to be insufficient, it seems necessary to add molecular characters to the phylogenetic analysis.
